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ABSTRACI’

T’he  SII<Tl;  l`clescope  Test Facility (Sl-~F) consists ofanoptical  dcwarfor  testing lt~irrorsof  up to ln\dian~eter  and f<6at
tcIl~pcralures  fro111300K to5Karld  aphaseshift interferon] cterfor  optical charactcriz,ation.  The S2Tb’wa sbrotrghtonlincin
early 1995. l’he Sl-Yf;  wasinitially  used to cool a50cmdianleter  berylliunl mirror that had bccnpreviously  testcdat NASA
Anles Rcscmch Center. These initial tests validated thcper-forruance of the STTFby  proving that the S-I”lT~could cool a
mimer to SK and achieve high quality optical data on the mirror, consistent with the previous results achieved at NASA
Amcs. ‘I’hc SITFhasalsobecn  used toprovide  cryogenic optical testing of therritra-lightweight 85cmdiarncter  bcrylliun~
primary mirror assembly (PMA)for  tile Infrared l'elescopc  3`echrlology l'estbccl (l’l-IT). Currcntlyt hefacilityi  spreparing
for testing the complete IIVIT. Also, the long wavelength photon background in the facility will be measured and
charactcrizcdin  1996.

Kcywor&:  Cryogenic optics, optic stesting,SIRI’F,  infrared

1. INTRODUC1’1ON

]]ecausc of the lessons learned from the kIubblc  Space Telcscopc, there has been an increased desire for end-to-end testing of
optical systems designed for usc in space. To rnaxirr)i?e the scientific return within the current strict budget, and therefore
weight constrairtts, it is necessary to develop new, light-weight telescopes for satellites, ‘I”he Intcgl atcd Tclescopc
l’cchnolc~gy Testbcd (ll-IT) has been developed at JPI, as an effort to build an rrltra-lightweight cryogenic infrared telescope
for the Space Infrared Telescope Facility (SIRTF’).  During the initial design phase of the H-l-l’, an effort was made to f~ncl a
facility capable of performing the desired COICI  optical cbaracterimtion  of the ncw telescope. A thorough search  of existing
facilities founcl that none existed that could cool optics as large as rmcdcd  for the 1’1-1 -1’ to SK and perform optical
charactcri?ation. Thcrcforc,  in the spring of 1994, JP1 ~ decided to embark on building a cryogenic optical facility for testing
n]irlors of diamcte.r <Irn with f S 6. The facilily wertt from initial concept to a fabricatcci, assembled and tested facility in
ICSS than 12 months. The initial cool down and optical characterization of the facility was performed in April of 1995.
Ile.low, we will discuss both the capabilities of the facility and the improvetncnts that have been made to the facility during its
first year of c]peration.

“I”l)c S’1’1’1; was designed to perform optical characterization at arnbicnt,  77K and 4K tcrnpcraturcs.  ‘1’hc S’1”1’1~  consists of a
vc[y large. optical dcwar that mounts on an aluminum triangular vibration isolation frame supporled by 3 pairs of Newport 1-
2000 pneutnatic  isolators and a 7,ygo GPI phase sl]ifting  visib]c intcrfcromctcr. The dcwar portic~n of the S2”1’11’ is constructed
of a sc.rics of nesting shells (see flg,urc 1). ‘1’hc outer shell provides the, vacuum seal ncccssary for thcrrnal]y  isolating the inner
shells of tl]c facility. ‘l’he  outer shell also provides optical access to the test object ancl has feed thrus for n]anipulating the
gimbal nlount insiclc the facilityl and a cryogenic optical shutter. q’hc rnidcllc shell consists of a 300 liter liquid nitrogen tank
topped with a rcn~ovabIc  aluminum radiation shroud that is conductive]y cooled . I’hc inner shell consists of a bottom 300
liter liquid hcliurn  tank, an aluminum radiation shroud that mounts cm the bottom tank, and an upper 300 Iitcr ]iquid  hc]iu[ri
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Figure 1: Schematic diagmrn of th e SITE 77re inner helium cooled space contains 2 mounting surjiices

tank that lnounts inside the helium radiation shroud. Considerable design effort was spent trrrd]ng off between initial costs of
[he facility and thermal cycle cost of [he facility while considering the case of asscn]bly/use  of the. finished facility. l~urlher
clctails on these aspects of the S’f ’l’l; can be found in Lmchik  et a12.

“1’o validate the thcrlnal and optical performance of the S1-l’l~, a 50 cm dian)cter beryllium mirror was mounted in the facility
during the initial cool down. “rhis mir[ol- had been previously characterized optically as a function of tcn~perature in a
snnallcr facility si]ni]ar  to the S1-l’l; at NASA Ames Research Center. ‘1’hc  results fronl the initial testing were very good. The
Inirior was successfully coolccl to SK, and all of the optical results were. comistcnt with those seen previously with this
mirl or.

I;rom  the initial cool down, there were two areas of the facility opc.ration/performance that showccl  room for impmvcmcnt.
The first was the cryogen consumption during cooling to 77K and the cooling time for the tanks from ambient to 77K.  By
installing a direct connection between the S1”I”F and a large, outside house liquid nitrogen tank, all three tanks, the nitrogen
and both of the helium tanks, were able to bc filled with liquid nitrogen within 16 hours instead of the 28 hours need
pl-cviously.  Originally, the facility was frllcd from a set of five 1601 storage tanks that had to be refilled at least 3 titncs each
as the facility was cooled from ambient to 77K.

‘1’hc otlm aspect of the .$l-IF’ that was targeted for irnprovcrncnt was the tcrnpcraturc profile in the hcliurtl radiation shroud
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I;igure 2: Temperature distribution alon~ the len~th of the heliutn  shroud m a f[inction of time front the stcrrt of liquid helium. . .
transfer. (a) Original configuration with upper helium tank not strapped to shrolid, (b) Itnptoved corlfiguration with copper
straps between t}te upper helirm tank and the top of the heliuttl shroud.

when the helium tanks were full of liquid helium and in equilibrium at 4K. As can be seen from figure 2a, during the first
cool down of the S’l-l’l: to 4K, the steady state tclllpcrature  of the shroud vtrricd fron) slightly above 7K at the bottom to 11 K
at the top. “I”his variation in temperature.s, and especially the 11 K maximum tmnpcra(ure  of the shroud, caused concern that
the final end to end tests of the telescope with intcg,rrrted detectors could not be performed in the S7”J’1~  due to large
background thermal radiation from the warm portions of the shroud. From the temperature profile, it was clear that the
shroud was no~ WCII  thermally connected to t}lc upper helium tank. So, twenty two thermal straps 0.6n~  long maclc from solid
32111111 x 3111111  OIJIIC  copper were installed  between the upper hcliurn  tank and the top of the helium shroud. As can be seen
in figure 21~, installing these stralls not only rcvnovcd tbc thermal gradient in the. shroucl,  but it also Iowcred the average
te.mpcl-ature  of tbc shroud to about 5,5K, below the previous low te.rnperatule for the unstrapped shroud. ‘1’hc  shroud
temperatures with the straps instrrllcd  ]ncct the current requirements for the, possible dcte.ctor testing in tbc facility.
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Figure 3: The PMA installed on the upper helium trmk.  prior to the start of opticcil a~vd themal testing at JPI.

4. CRYOGENIC TESTING

3.1 lest cycle

A tc.st in the S1”l’F  begins with the mounting of the test object, n]irror  or telescope, on one of the helium tanks. Since the
optical rnoun~s  are not solid, thermal mounts between the object and tile hcliurn tank, copper braid is also installed between
the test object and the helium tank to facilitate, cooling of the test c)bject (see figure 3). once  the S’I-l’F  is then reassembled
with the test object inside, it is cvacuatcd  and baseline alnbicnt interferograms are taken. ‘l”he facility is pLIn~pcci  until a
vacuum c)f 5 x 10-s Torr is achieved before proceeding with the cool down to 77K, A typical cool down including stabilizing
at 77K, 4K ancl again at 77K is shown in figure 4 as a function of tinlc . This cool down was prior to the installation of the
outside, house liquid nitrogen tank discussed in section 3 above, so as can be seen from the plot, both helium tanks did not
reach 7’/K until about 28 hours after the cool down started. In later tests, this ti]nc was rcduccd to 16 hours as stated above.
Bccausc of the particular size of strapping used between the 1’1”1”1’  Primary Mirror Assembly (PMA) and the helium tank in
this cxanlplc cool down, the mirror took over 6 days to reach equilibrium at 77K. This tirnc will vary from test object to test
object, set by the. thermal  mass of the test object and how many thermal straps can bc practically installed, ‘lie cooling of the
test object can also bc increased by adding small amounts of nitrogen exchange gas in the overall vacuum space of the SI”I’F.
Once e.quilibriurtl  at 77K is reached, any cxchangc  gas is pumped out and a series of 77K intcrfcrograrns  are. takmr. Any
remaining licluid nit[ogcn  in the hcliurn  tanks is then blown out and liquid hcliull~ is transferred into both helium tanks. ‘1’hc
cool down bctwccn 77K and 4K is much more rapid than (hat bctwccn 300K and ‘/l’K,  Flquilibrium  at 4K is reached wit}lin
15 }]ours  of the start of the helium transfer. l’hc S-l-NJ can sit at 4K for about 30 hours after equilibrium is reached without
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Figure 4: Cooling behavior as a flmction  of titne (O is midnight on the day cooling was commenced). I)ato was taken fronl
the initial cooling cycle of the PhfA. As seen from thejlgure,  the themtal coupling between the facility and the ttlirror sets the
ov~rall tinw scale for the tests.

any additional fill of liquid helium. While at 4K, additional intcrferograrns  of [hc test object arc taken. };or this fmrticu]ar
test, after the hcliurn  tanks boiled dry, (hey were warmed with flowing beliurn  gas to 65K and a small alnoun[ of liquid
nitrogen was put into each liquid hcliurn tank. C)ncc the mirror rcachcd 77K, another set of intcrferograll~s were takcrr, the
liquid nitrogen in all 3 tanks was blown out ,and a fcw Torr of dry ni[ro,gcn gas was placed in the vacuum space to has[cn  the
warln up to ambient,

I’hc ST-II’  has now been cycled bctwccn 300K and 77K five tinm, and it has been cycled an additional five times from 300K
to 4K. An average test between 300K and 77K takes about 10 days. If a test to 4K dots not need to stabilize at 77K during
the warm up, a 4K test cycle can bc completed in about 2 weeks. It is also important to note that bccrrusc  of tllc strong
vibr’atiorl  damping of the system, all of the optical data can be,, and is taken with t}lc systcrn during norlnal  working hours.

3.2 l’est results for the I’J’TT PMA

l’hc PMA for the J’l-l”l’  was delivered to JPI, from }Iughcs  I>anbury C)ptical Systems (111)0S) in ]atc July 19953, Because
historically large beryllium optics have shown “thcrlnal hys(crcsis”, changing their shape following cycling bctwccn
cryogenic temperatures and room tcmpcraturc,  t}m PMA was cycled five times [o 77K after the initial cool clown to 4K, and
tbcn another 2 additional tinlcs to 4K for performing detailed figure analysis of the mirror as a function of tcmpcraturc.
I )ur ing the 7 months that the mirror  underwent these cycles, no noticeable hysteresis was detected in the room tcrnpcraturc
profile of the Illirror.  There was noticccl a significant cryo-distortion upon cooling the. mir(or from ambient to 77K,  l’hc
distortion did not change appreciably when the mirror was COOICCI  ful-(her, [o 4K. “J”hc distortion was rc.pcatablc and did not
change over this 7 month testing cycle even with variations in the r])ourlting schcrnc for t}tc mirror 3. I}ccause the distortion
was repeatable, n~c,asuremcnts of the shape of the rniri-or were made. during the final cooling cycle so that the nlirl or COUICI  bc
gtound so that the figure  of the mir[-or will not show any distortion wbcn cold,
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‘l’I~e I-J-IT  PMA WaS re[urrled  to HDOS for refiguring a( the CIOSC of the thernml cycling. l’hc PMA should be returned to
JPI, in mid 1996, and it will be installed in the S’fTF for new tlmrn)al/optical  characterization. Also, the rcn(aining portions
of the tclescopc  for the 11-1”~  will also arrive at JPL in 1996, and will be intcgratccl with the PMA and tested in the SI-W.

Parallel to the testing of the IqTT, there is an ongoing effort to redesign the inner helium interfaces (bctwccn  the shroud and
the 2 tanks) to cut down t}w optical path between the nitrogen shroud and the helium test region. EIopcfully  by the end of
1996 this will lead into a measurement of the optical background in the facility at wavelengths near 30pm.  l’his
nmasurcrnent  will be useful in fully characterizing the S’f”I’F  and will also be used in planning of future integrated testing of a
tclcscopc  and detectors.

‘f’hc S1”1’1;  was jointly funded by NASA Code X, the SIR3’F  Project out of the NASA Office of Space Science, arid JP1,
institutional resources. Funding for the II-IT was provided by NASA through the Spacecraft Sys(erns  Division of the Office
of Spcc Access and Technology (Code XS) as part of the I’clescopc I’ethnology Program.
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